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Introduction
B
efore the 1970s, plastics were considered primarily as non-engineering materials and were used in applications such as belts, hoses, gaskets, carpet backing, sealing, adhesives, tires, and so forth as a part of an engineering solution. Those individuals who are not materials scientists presumably won't classify elastomers (i.e., natural and synthetic rubbers) and adhesives used in these applications as engineering plastics, although those materials have enabled the engineering function since their inception. It wasn't until plastics started to replace metals that they began to be considered as engineering materials.
Today, plastics have penetrated into engineering applications within the automotive industry, replacing traditional materials at a significant rate in only the past 30 years. By themselves, plastics are poor choices for engineering applications because of their poor strength-to-density ratio.
1 The introduction of plastics containing inorganic fillers and of plastic composite systems with cross-linkable resins as binders advanced the growth of plastics as structural materials in engineering applications. This book will not only cover some of the current applications of plastics and their advantages but also will address what may be foreseen in terms of new applications for plastics in automotive engineering.
However, before going any further, let's share some actual data (Table 1) compiled from various sources on the penetration of plastics and plastic composites into passenger vehicles.
2,3 From Table 1 , it is evident that the use of plastics in engineering applications has crept upward from approximately 4.6% of the overall vehicle body weight in 1977 to approximately 7.6% in 2003. At first glance, this may not seem impressive, until you consider the increases in the variety of equipment and accessories added to vehicles during the past 30 years. In fact, these lightweight materials have allowed the industry to maintain the overall weight of vehicles at the same level as a basic new car in 1977. Today, plastics comprise almost 50% of the material volume in most new cars. Studies show that each 100 pounds of plastics can replace approximately 200 to 300 pounds of mass from traditional material.
TABLE 1 PLASTICS IN A TYPICAL PASSENGER VEHICLE*
Let's start by classifying the plastics found in various segments of an automobile. (The use of plastics as foams and fabrics for noise absorption and comfort will not be addressed here.) To begin, we find examples of plastics primarily in decorative, safety, noise, vibration, and harshness applications for the interior parts of the vehicle. These applications include the cockpit systems (e.g., instrument panels [IPs], structural portions of IPs, and dashmats), headliners, seat systems (e.g., seat backs and seat bases), soft and hard trim (e.g., door trim and pillars), interior door handles, gloveboxes, and packaging trays. Steering wheels, door handles, and mirror housings are other interior items that are built from plastics. Plastics vi have even entered critical safety-oriented applications such as airbags and airbag covers.
Plastics are making modest advances in all horizontal and vertical body panel parts in the exterior of the vehicle or behind the cockpit, thereby replacing metals. These applications include door panels, roofs, floors, fenders, back panels, hoods, and mud plates often used as part of the firewall. Greater penetration of plastics into these parts is expected to occur in the future. Other panels that will be considered here as exterior parts include the bumper fascia, quarter panels, underbody shields, drag panels, exterior door handles, and mirror housings. Improved performance and lightness of weight will drive more plastics in these applications.
The powertrain segment is the most complicated and challenging application of plastics. As modern plastics meet these challenges, the presence of plastics will continue to grow. Plastics have already found their way into air induction systems (e.g., intake manifolds, ducts, air cleaners, air filters, and snorkels), cooling systems (e.g., hoses), side and front engine covers, engine fans, turbo systems (e.g., turbo impellers and housings), valve covers, oil pans, oil filters, and belly pans.
Fuel systems have already experienced an invasion by plastics. The use of plastics can be seen in fuel tanks, fuel rails, fuel pump parts, connectors, hoses, and fuel filters. Furthermore, external and internal lighting systems have already gone primarily to plastics. Wheel systems have adopted plastics much earlier in the construction of tires, wheel covers, and wheel house liners, although wheel systems remain primarily the domain of metals.
In spite of such frequent use of plastics, the automobile remains largely a metal play with sheet metal, cast iron, aluminum, magnesium, and so forth. According to the Society of the Plastics Industry's 1998 edition of Facts and Figures, the land transportation industry consumes only approximately 5% of the total plastics consumed in millions of pounds and remained unchanged between 1993 and 2008. The packaging industry consumes approximately 25% of all plastics made today. Although more new applications for plastics will be introduced in the transportation industry, a similar increase in the use of plastics in other industries will tend to maintain the ratio of plastics consumed as fairly constant. A dramatic change in this ratio can occur only if regulatory mandates for lowering the weight of vehicles pushes plastics vii further into the horizontal and vertical body parts of vehicles, coupled with innovation in plastic composites that addresses both the temperature-related expansion issues and the high-temperature baking issues of plastics. The use of plastics as structural beams and rails remains far from reality and only a dream for the plastics industry and fabricators within that industry.
Although the field of plastics and plastic composites in the transportation industry is vast, this book will focus on plastics that have already made entry into the automotive segments mentioned in the preceding paragraphs. It will conclude by projecting the future of plastics in the automotive industry in light of predicted global trends.
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